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Clinical PerspectiveWhat is New?Among 155 597 Medicare beneficiaries aged 66 to 79 years newly diagnosed with hypertension and initiated on antihypertensive medication, around 60% were classified as being highly adherent to taking their medication (access to medication on ≥80% of days).Those classified as being highly adherent had less than half the risk of having a cardiovascular event compared with those classified as having moderate or low adherence over a median of 5.8 years.Our results suggest that assessment of long‐term adherence is more strongly associated with cardiovascular outcomes compared with first‐year adherence among older beneficiaries.What are the Clinical Implications?High levels of adherence to antihypertensive medication regimens significantly reduces risk for suffering a cardiovascular event among older adults.There appears to be a threshold effect in reducing cardiovascular event risk for medication adherence at about 80%, above which the risk for an event reduces substantially.Adherence to antihypertensive medication is not optimal among Medicare beneficiaries newly diagnosed with and treated for hypertension, and interventions to improve adherence should be a priority for clinicians, public health, and insurers to improve cardiovascular disease outcomes.

Introduction {#jah32281-sec-0008}
============

Hypertension is a leading risk factor for development of cardiovascular disease (CVD) and is a significant contributor to morbidity and mortality in the United States.[1](#jah32281-bib-0001){ref-type="ref"} Many randomized, control trials demonstrated the benefit of antihypertensive medications (antihypertensives) on reduction of risk for CVD morbidity and mortality.[2](#jah32281-bib-0002){ref-type="ref"}, [3](#jah32281-bib-0003){ref-type="ref"} Despite the benefit of antihypertensive therapies, many studies suggested suboptimal adherence to these medications, particularly among older adults with multiple chronic conditions.[4](#jah32281-bib-0004){ref-type="ref"}, [5](#jah32281-bib-0005){ref-type="ref"}, [6](#jah32281-bib-0006){ref-type="ref"}, [7](#jah32281-bib-0007){ref-type="ref"}, [8](#jah32281-bib-0008){ref-type="ref"}, [9](#jah32281-bib-0009){ref-type="ref"}, [10](#jah32281-bib-0010){ref-type="ref"}, [11](#jah32281-bib-0011){ref-type="ref"} Nonadherence to antihypertensives is associated with increased risk for CVD, hospitalization, and healthcare costs.[5](#jah32281-bib-0005){ref-type="ref"}, [12](#jah32281-bib-0012){ref-type="ref"}, [13](#jah32281-bib-0013){ref-type="ref"}, [14](#jah32281-bib-0014){ref-type="ref"}, [15](#jah32281-bib-0015){ref-type="ref"}, [16](#jah32281-bib-0016){ref-type="ref"}, [17](#jah32281-bib-0017){ref-type="ref"} Many observational studies examined the relationship between antihypertensive adherence and CVD outcomes in the general hypertension population.[5](#jah32281-bib-0005){ref-type="ref"}, [13](#jah32281-bib-0013){ref-type="ref"}, [17](#jah32281-bib-0017){ref-type="ref"} While some focused on older adults,[4](#jah32281-bib-0004){ref-type="ref"}, [9](#jah32281-bib-0009){ref-type="ref"}, [18](#jah32281-bib-0018){ref-type="ref"}, [19](#jah32281-bib-0019){ref-type="ref"}, [20](#jah32281-bib-0020){ref-type="ref"} few examined this relationship among older adults who were newly initiated on antihypertensives without previous CVD.

Assessing antihypertensive adherence and CVD outcomes among older adults with newly diagnosed hypertension might have important public health implications.[7](#jah32281-bib-0007){ref-type="ref"}, [8](#jah32281-bib-0008){ref-type="ref"} It is estimated that the proportion of the US population aged ≥65 years will increase from 13.7% (43 million) in 2012 to 21.0% (80 million) in 2040.[21](#jah32281-bib-0021){ref-type="ref"} The incidence of hypertension increases with age, with \>65% of people aged ≥65 years having hypertension.[1](#jah32281-bib-0001){ref-type="ref"}, [22](#jah32281-bib-0022){ref-type="ref"} Therefore, the total numbers of people diagnosed with hypertension might be expected to increase over time, although this might be mitigated somewhat by improvements in certain risk factors for hypertension including decreased prevalence of smoking,[23](#jah32281-bib-0023){ref-type="ref"} improved diet quality[24](#jah32281-bib-0024){ref-type="ref"} and leveling off in the prevalence of obesity.[25](#jah32281-bib-0025){ref-type="ref"}, [26](#jah32281-bib-0026){ref-type="ref"} However, it was estimated that, on average, \>137 000 Medicare beneficiaries aged ≥65 years newly initiated antihypertensive medication each year from 2007 to 2012.[20](#jah32281-bib-0020){ref-type="ref"}

The present study examined the association between antihypertensive adherence and composite CVD outcomes among a cohort of Medicare fee‐for‐service beneficiaries aged 66 to 79 years who were newly initiated on antihypertensives in 2008--2009.

Methods {#jah32281-sec-0009}
=======

Study Cohort {#jah32281-sec-0010}
------------

We identified all Medicare fee‐for‐service beneficiaries aged 66 to 79 years enrolled during 2007--2008 who met the criteria: (1) did not have a CVD claim in the previous 12 months; (2) had a claim for hypertension during the years 2008--2009 (International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD‐9‐CM\] codes, 362.11, 401.0 through 405.9 and 437.2); (3) were newly initiated on antihypertensive treatment with at least 1 prescription fill after the diagnosis; and (4) had continuous enrollment in Medicare Parts A, B, and D during follow‐up. Part A included data on hospital stays, Part B included data on outpatient claims, and Part D included data on prescription drugs. A hypertension diagnosis was based on the Chronic Conditions Warehouse definition used by Centers for Medicare and Medicaid Services ([www.ccwdata.org/web/guest/condition-categories](http://www.ccwdata.org/web/guest/condition-categories)). Beneficiaries were considered newly initiated on treatment for hypertension if they had not taken any antihypertensive 12 months before the date of the first recorded diagnosis of hypertension.[27](#jah32281-bib-0027){ref-type="ref"} Among 7 176 637 Medicare fee‐for‐service beneficiaries aged 66 to 79 years in 2008--2009 who had been enrolled for at least 12 months, we excluded 5 713 892 beneficiaries who had a history of CVD or hypertension, including acute myocardial infarction, ischemic heart disease (IHD), atrial fibrillation, stroke or transient ischemic attack (TIA), and heart failure. The history of CVD and hypertension were determined by using Centers for Medicare and Medicaid Services Chronic Condition Warehouse Algorithms (<https://www.ccwdata.org/web/guest/condition-categories>). Among remaining 1 462 892 beneficiaries, we identified 285 830 beneficiaries who were newly diagnosed with hypertension in 2008 or 2009. Among beneficiaries with newly diagnosed hypertension, we excluded 64 885 with no information on fills of antihypertensive medications, 29 012 who had a CVD event or who died of CVD before the date of the first fill of antihypertensives, 33 520 who had a CVD event or died within 12 months from the date of hypertension recorded, 2628 who were in long‐term care facilities before first CVD event, and 188 with missing covariates. The final analytical cohort included 155 597 beneficiaries (Figure [1](#jah32281-fig-0001){ref-type="fig"}).

![Medicare fee‐for‐service beneficiaries aged 66 to 79 years in 2008--2009 who were newly diagnosed with hypertension and newly initiated antihypertension medications, Medicare 2008--2014 cohort. CVD indicates cardiovascular disease.](JAH3-6-e006056-g001){#jah32281-fig-0001}

Proportion of Days Covered by Medicare for Antihypertensive Medications {#jah32281-sec-0011}
-----------------------------------------------------------------------

We defined antihypertensives as being: alpha blocker; angiotensin II receptor blocker; angiotensin‐converting enzyme inhibitor; beta‐blocker; calcium‐channel blocker; vasodilating agents; or diuretics defined by the national drug codes, or any combination of the above classes of medications (<https://www.imshealth.com/files/web/IMSH%20Institute/USC_Classiification_Process_2011.pdf>).

Adherence to antihypertensives was measured through proportion of days covered (PDC). PDC is the proportion of days during the follow‐up period for which the beneficiary had their prescribed antihypertensive on hand. PDC is used by the Centers for Medicare and Medicaid Services as a quality metric, endorsed by the National Quality Forum in 2011 ([www.qualityforum.org/Publications/2010/05/National_Voluntary_Consensus_Standards_for_Medication_Management.aspx](http://www.qualityforum.org/Publications/2010/05/National_Voluntary_Consensus_Standards_for_Medication_Management.aspx)), and is the preferred adherence method of the Pharmacy Quality Alliance.[28](#jah32281-bib-0028){ref-type="ref"}

We calculated the interval‐based cumulative PDC of 1 or more (≥1) antihypertensives on hand during the follow‐up using information in Medicare Part D drug claim data.[29](#jah32281-bib-0029){ref-type="ref"} First, we determined the beneficiaries\' follow‐up in months from index prescription date to either first occurrence of a CVD event (fatal or nonfatal), death from a cause other than CVD, or the end of the follow‐up period (December 31, 2014). Second, within the defined follow‐up period, we counted the number of days the beneficiary had at least 1 antihypertensive on hand (covered days) based on the prescription fill date and days\' supply. If prescriptions for the same medication overlapped, then we adjusted the prescription start date to be the day after the previous days\' supply ended. Third, we divided the number of covered days by the total number of days during the follow‐up and multiplied this number by 100 to obtain the PDC as a percentage. We defined this PDC as ≥1 antihypertensive available PDC. The PDC was used as a proxy measure for antihypertensive use behavior. Our analysis uses this ≥1 antihypertensive available PDC, the preferred Pharmacy Quality Alliance method,[28](#jah32281-bib-0028){ref-type="ref"} as our primary exposure. In some parts of the analysis, we used PDC as a categorical variable (low \[\<40%\], intermediate \[40--79%\], and high adherence \[≥80%\]). This categorization has been used previously.[14](#jah32281-bib-0014){ref-type="ref"}, [20](#jah32281-bib-0020){ref-type="ref"} The categorical form was used to examine and compare the patterns of antihypertensive adherence by the selected sociodemographic variables. We also used PDC as a continuous variable to examine the shape of the relationship between antihypertensive adherence and risk for CVD events. This was done to retain information that would have been lost though categorization.

Incident CVD or CVD‐Related Death {#jah32281-sec-0012}
---------------------------------

The primary outcome is a composite end point of incident CVD or CVD‐related death (CVD event). The first occurrence of CVD event was determined by using Centers for Medicare and Medicaid Services Chronic Condition Warehouse Algorithms (<https://www.ccwdata.org/web/guest/condition-categories>). The CVD events included acute myocardial infarction (ICD‐9 codes 410.0--410.9); IHD (ICD‐9 codes 410.0--414.9); stroke/TIA (ICD‐9 codes 430.0--436.9); and heart failure (ICD‐9 codes 398.9, 402.0--402.9, 404.0--404.9; 428.0--428.9). Cause‐specific mortality data are not available for Medicare beneficiaries. Therefore, we classified deaths as being CVD related if they occurred within 30 days of a hospitalization where the primary or secondary admission code was CVD related (ICD‐9 codes defined as above). For the secondary analysis, we examined the relationship between antihypertensive adherence and risk for first occurrence of IHD, stroke/TIA, and heart failure events separately. Follow‐up of beneficiaries continued until first occurrence of CVD event (fatal or nonfatal), with censoring at the time of death for those who died from causes other than CVD. Beneficiaries who were not matched with CVD events were considered alive and free of CVD through follow‐up period (December 31, 2014).

Baseline Covariates {#jah32281-sec-0013}
-------------------

The baseline characteristics include age, sex, race/ethnicity (non‐Hispanic white, black, Hispanic, and other), urban or rural residence, status of low‐income subsidy (yes/no), statins use (yes/no), and number of classes of antihypertensives on hand during follow‐up. To account for the effects of comorbidity levels on risk of CVD event, we calculated the Charlson Comorbidity Index at baseline (0, 1, 2, 3, 4, and ≥5).[30](#jah32281-bib-0030){ref-type="ref"}, [31](#jah32281-bib-0031){ref-type="ref"} We included the following chronic conditions as dichotomous variables in our models: Alzheimer\'s disease, asthma, chronic kidney disease, chronic obstructive pulmonary disease and bronchiectasis, depression, diabetes mellitus, hyperlipidemia, lung or colorectal cancer, and rheumatoid arthritis/osteoarthritis. We also calculated the average out‐of‐pocket antihypertensive expenditures per day during follow‐up.

Statistical Analysis {#jah32281-sec-0014}
--------------------

We estimated means and percentages of the selected covariates by PDC categories and used *t* tests for continuous and χ^2^ test for categorical variables to test for the differences across PDC categories. We used Cox proportional hazards regression to estimate hazards ratios (HRs) and 95% CIs for the composite CVD events associated with PDC categories with \<40% category as the referent. We presented age, sex, and race/ethnicity adjusted HRs as well as fully adjusted HRs that also included urban‐rural residence, status of low‐income subsidy, statin use, average out‐of‐pocket expenditure on antihypertensives/day, Charlson Comorbidity Index, number of antihypertensives, and 10 chronic conditions. We calculated the crude incidence rates as well as the adjusted cumulative incidence function of CVD events over time by PDC categories. We calculated the adjusted population attributable fraction to provide an estimate of the proportion of CVD events in this cohort that hypothetically would have been avoided or postponed, assuming a causal relationship between lack of antihypertensive use and CVD events, during the follow‐up, if all beneficiaries had sustained ≥80% medication adherence.[32](#jah32281-bib-0032){ref-type="ref"}

Using PDC as a continuous variable, we examined the dose‐response relationship between PDC and CVD events using the restricted cubic spline with 5 knots (at 10th, 25th, 50th, 75th, and 90th percentiles of PDC) in multivariable Cox proportional models with 20th percentile PDC as the referent, tested for nonlinearity using *t* tests, and used Joinpoint regression to identify the percentage point of PDC where the significant changing point occurred.[33](#jah32281-bib-0033){ref-type="ref"}

For all Cox proportional models analyses, we used the Fine--Gray proportional subdistribution hazard model to account for competing risks attributed to death from causes other than CVD.[34](#jah32281-bib-0034){ref-type="ref"} The proportional hazards assumption of the Cox models was evaluated with Schoenfeld residuals, which revealed no important departures from proportionality in hazards. Data were analyzed using SAS software (release 9.4; SAS Institute Inc, Cary, NC). All tests were 2‐sided, and *P*\<0.05 was considered significant.

We conducted several sensitivity analyses. First, we conducted stratified analyses of PDC and CVD events by age (\<75 versus ≥75 years), sex, race/ethnicity, Charlson Comorbidity Index (0, 1--3, and ≥4), diabetes mellitus (yes/no), chronic kidney disease (yes/no), and low‐income subsidy status (yes/no), and tested for interactions of PDC with these covariates by including interactions terms in analysis. Second, to control for the baseline imbalances in the covariates, we estimated the propensity score weights by the generalized boosted models that included all covariates in the fully adjusted Cox models. The propensity score weights were estimated by using a SAS TWANG macro that calls mnps function in R (<http://www.rand.org/statistics/twang/mnps-sas-tutorial.html>). Third, we calculated PDC for beneficiaries who took 1 versus 2 or more antihypertensives during follow‐up and examined these PDC\'s association with CVD outcomes separately. Fourth, we calculated the first‐year PDC and examined its association with CVD outcomes. Fifth, there were some variations to calculate interval‐based PDC for multiple medications use.[29](#jah32281-bib-0029){ref-type="ref"}, [35](#jah32281-bib-0035){ref-type="ref"} We also calculated the interval‐based average PDC (average PDC) as described by Choudhry et al.[29](#jah32281-bib-0029){ref-type="ref"} Briefly, it calculates PDC for each medication separately, then averages each individual PDC to get the overall PDC. For example, for beneficiaries taking 2 classes of antihypertensive medications, the interval‐based average PDC for each medication was calculated, and then 2 PDCs were averaged to get overall average PDC. We calculated the average PDC for each beneficiary on a yearly basis during follow‐up and averaged each annual PDC to obtain the overall average PDC in sensitivity analysis.

Data were analyzed through the CMS Virtual Research Data Center, which provided access to approved privacy‐protected data files within the security of the virtual CMS environment. Therefore, the requirement of informed consent was waived.

Results {#jah32281-sec-0015}
=======

Overall, 8.9% (95% CI, 8.8--9.1%) of beneficiaries had PDC below 40% (low adherence), 30.3% (95% CI 30.0--30.5%) had 40% to 79% PDC (intermediate adherence), and 60.8% (95% CI 60.6--61.1%) had ≥80% PDC (high adherence) during follow‐up from 2008 to 2014. Compared with those who were low or intermediate adherent (PDC \<80%), the high adherent beneficiaries were slightly younger and were more likely to be women, non‐Hispanic white, and more likely to take \>1 antihypertensive and use statins. In addition, high adherent beneficiaries had fewer comorbidities and were less likely to receive a low‐income subsidy, or to have chronic conditions other than hyperlipidemia and diabetes mellitus (*P*\<0.001; Table [1](#jah32281-tbl-0001){ref-type="table-wrap"}).

###### 

Characteristics of Medicare Beneficiaries Aged 66 to 79 Years Newly Diagnosed with Hypertension and Initiated On Antihypertensive Medication by Status of PDC, Medicare 2008--2014 Cohort

  Characteristics                                                                     No. of Medicare Beneficiaries   Total               PDC Category                            
  ----------------------------------------------------------------------------------- ------------------------------- ------------------- ------------------- ------------------- -------------------
  All, N (%)                                                                          155 597                         100%                13 899 (8.9)        47 081 (30.3)       94 617 (60.8)
  Age, mean                                                                           155 597                         69.9                70.7                70.1                69.7
  Sex, N (%)                                                                                                                                                                      
  Male                                                                                56 463                          100%                5695 (10.1)         17 841 (31.6)       32 927 (58.3)
  Female                                                                              99 134                          100%                8204 (8.28)         29 240 (29.5)       61 690 (62.2)
  *P* value[a](#jah32281-note-0003){ref-type="fn"}                                                                                        \<0.001             \<0.001             \<0.001
  Race, N (%)                                                                                                                                                                     
  Non‐Hispanic white                                                                  129 216                         100%                9744 (7.5)          36 646 (28.4)       82 826 (64.1)
  Black                                                                               8220                            100%                1273 (15.5)         3183 (38.7)         3764 (45.8)
  Hispanic                                                                            10 894                          100%                2006 (18.4)         4606 (42.3)         4282 (39.3)
  Others                                                                              7267                            100%                876 (12.1)          2646 (36.4)         3745 (51.5)
  *P* value[a](#jah32281-note-0003){ref-type="fn"}                                                                                        \<0.001             \<0.001             \<0.001
  No. of antihypertension medications, N (%)[b](#jah32281-note-0004){ref-type="fn"}                                                                                               
  1                                                                                   96 467                          100%                10 306 (10.7)       32 353 (33.5)       53 808 (55.8)
  2                                                                                   39 438                          100%                1551 (3.9)          9191 (23.3)         28 696 (72.8)
  ≥3                                                                                  10 099                          100%                170 (10.4)          1349 (28.1)         8580 (61.5)
  Other                                                                               9593                            100%                1872 (19.5)         4188 (43.7)         3533 (36.8)
  *P* value[a](#jah32281-note-0003){ref-type="fn"}                                                                                        \<0.001             \<0.001             \<0.001
  Charlson Comorbidity Index, N (%)                                                                                                                                               
  0                                                                                   96 510                          100%                8337 (8.6)          28 356 (29.4)       59 817 (62.0)
  1                                                                                   32 720                          100%                2973 (9.1)          10 366 (31.7)       19 381 (59.2)
  2                                                                                   14 821                          100%                1414 (9.5)          4 575 (30.9)        8832 (59.6)
  3                                                                                   7169                            100%                674 (9.4)           2326 (32.4)         4169 (58.2)
  ≥4                                                                                  4377                            100%                501 (11.4)          1458 (33.3)         2418 (55.2)
  *P* value[a](#jah32281-note-0003){ref-type="fn"}                                                                                        \<0.001             \<0.001             \<0.001
  Low‐income subsidy, N (%)                                                                                                                                                       
  Yes                                                                                 27 714                          100%                4212 (15.2)         10 199 (36.8)       13 303 (48.0)
  No                                                                                  127 883                         100%                9687 (7.6)          36 882 (28.8)       81 314 (63.6)
  *P* value[a](#jah32281-note-0003){ref-type="fn"}                                                                                        \<0.001             \<0.001             \<0.001
  Out‐of‐pocket medication expenditure/per day, mean (95% CI)                         155 597                         0.21 (0.21--0.22)   0.20 (0.20--0.21)   0.22 (0.22--0.22)   0.21 (0.21--0.21)
  Statin‐use status, N (%)                                                                                                                                                        
  User                                                                                59 682                          100%                3768 (6.3)          17 092 (28.6)       38 822 (65.0)
  Nonuser                                                                             95 915                          100%                10 131 (10.6)       29 989 (31.3)       55 795 (58.2)
  *P* value[a](#jah32281-note-0003){ref-type="fn"}                                                                                        \<0.001             \<0.001             \<0.001
  Chronic conditions at baseline, N (%)[c](#jah32281-note-0005){ref-type="fn"}                                                                                                    
  Alzheimer\'s                                                                        1089                            100%                164 (15.1)          379 (34.8)          546 (50.1)
  Asthma                                                                              5794                            100%                674 (11.6)          1946 (33.6)         3174 (54.8)
  Chronic kidney disease                                                              6301                            100%                717 (11.4)          2053 (32.6)         3531 (56.0)
  Chronic obstructive pulmonary disease                                               11 287                          100%                1547 (13.7)         3867 (34.3)         5873 (52.0)
  Colorectal cancer                                                                   1768                            100%                237 (13.4)          573 (32.4)          958 (54.2)
  Hyperlipidemia                                                                      72 425                          100%                5610 (7.8)          21 684 (29.9)       45 131 (62.3)
  Lung cancer                                                                         940                             100%                149 (15.9)          317 (33.7)          474 (50.4)
  Depression                                                                          13 594                          100%                1543 (11.4)         4643 (34.2)         7408 (54.5)
  Diabetes mellitus                                                                   29 575                          100%                2527 (8.5)          9437 (31.9)         17 611 (59.6)
  Rheumatoid arthritis/osteoarthritis                                                 36 938                          100%                3900 (10.6)         11 837 (32.0)       21 201 (57.4)

N indicates number; PDC, proportion days covered.

*P* value for significant difference within categories of selected factors based on *t* test for dichotomous variable, ANOVA for continuous variable, and χ^2^ for categorical variable; all tests 2‐tailed.

For the number of antihypertensive medications use, first, we calculated the total days of antihypertensive medications coverage for beneficiaries who took 1, 2, 3, or more medications during the period of follow‐up, respectively, and, second, we classified the beneficiaries into 1, 2, 3, or more medications use groups if he or she took 1, 2, 3, or more medications for ≥75% of days during the follow‐up. The beneficiaries who did not fall into the above‐defined 1, 2, 3, or more medications use groups were classified as "Other."

The chronic conditions at the baseline line.

For CVD events, the crude incidence rates were 98.1 (95% CI, 98.1--98.2), 93.9 (95% CI, 93.8--93.9), and 40.1 (95% CI 40.0--40.1) per 1000 person‐years among beneficiaries who had \<40%, 40% to 79%, and ≥80% PDC, respectively. Comparing beneficiaries with \<40% PDC, the adjusted HR was 1.00 (95% CI, 0.97--1.03) for 40% to 79% and 0.44 (95% CI, 0.42--0.45) for ≥80% PDC. The adjusted PAF was 32.5% (95% CI, 31.5--33.5%; Table [2](#jah32281-tbl-0002){ref-type="table-wrap"}). The patterns of associations for IHD and heart failure events were similar to that of overall CVD events. For stroke/TIA, the crude incidence rates were 13.2 (95% CI, 13.2--13.2), 11.0 (95% CI, 11.0--11.1) and 5.11 (95% CI, 5.11--5.12) per 1000 person‐years among beneficiaries who had \<40%, 40% to 79%, and ≥80% PDC, respectively. Comparing beneficiaries with \<40% PDC, the adjusted HR was 0.84 (95% CI, 0.79--0.89) for 40% to 79% and 0.40 (95% CI, 0.38--0.43) for ≥80 PDC (Table [2](#jah32281-tbl-0002){ref-type="table-wrap"}). The patterns of association between PDC and CVD events remained largely unchanged among beneficiaries when the propensity score weights were used in the analysis (Table [3](#jah32281-tbl-0003){ref-type="table-wrap"}).

###### 

Adjusted Hazards Ratios for Risk of CVD, IHD, Stroke/TIA and Heart Failure Events, and Population Attributable Fraction Associated With PDC, Medicare 2008--2014 Cohort

  Characteristics                                                     PDC Category        *P* Trend[a](#jah32281-note-0007){ref-type="fn"}   Adjusted PAF (95% CI)[b](#jah32281-note-0008){ref-type="fn"}             
  ------------------------------------------------------------------- ------------------- -------------------------------------------------- -------------------------------------------------------------- --------- -------------------
  No. of Medicare beneficiaries                                       13 899              47 081                                             94 617                                                                   
  CVD                                                                                                                                                                                                                 
  Events[c](#jah32281-note-0009){ref-type="fn"}                       5947 (5770)         20 391 (19 987)                                    20 860 (19 969)                                                          
  Total person‐y                                                      60 601              27 269                                             520 751                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         98.1 (98.1--98.2)   93.9 (93.8--93.9)                                  40.1 (40.0--40.1)                                                        
  HR adjusted for age, sex, and race only (95% CI)                    1.0                 0.95 (0.93--0.98)                                  0.39 (0.38--0.40)                                              \<0.001   
  Fully adjusted HR (95% CI)[d](#jah32281-note-0010){ref-type="fn"}   1.0                 1.00 (0.97--1.03)                                  0.44 (0.42--0.45)                                              \<0.001   32.5 (31.5--33.5)
  IHD                                                                                                                                                                                                                 
  IHD events[c](#jah32281-note-0009){ref-type="fn"}                   3279 (3235)         11 603 (11 501)                                    11 109 (10 870)                                                          
  Total person‐y                                                      65 682              235 000                                            534 499                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         49.9 (49.9--50.0)   49.4 (49.3--49.4)                                  20.8 (20.8--20.8)                                                        
  HR adjusted for age, sex, and race only                             1.0                 0.98 (0.94--1.02)                                  0.40 (0.39--0.42)                                              \<0.001   
  Fully adjusted HR (95% CI)[d](#jah32281-note-0010){ref-type="fn"}   1.0                 1.01 (0.97--1.06)                                  0.44 (0.42--0.46)                                              \<0.001   32.8 (31.5--34.2)
  Stroke/TIA                                                                                                                                                                                                          
  Stroke/TIA events[c](#jah32281-note-0009){ref-type="fn"}            979 (959)           2928 (2882)                                        2847 (2721)                                                              
  Total person‐y                                                      74 275              266 787                                            556 960                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         13.2 (13.2--13.2)   11.0 (11.0--11.1)                                  5.11 (5.11--5.12)                                                        
  HR adjusted for age, sex, and race only (95% CI)                    1.0                 0.84 (0.78--0.90)                                  0.39 (0.36--0.42)                                              \<0.001   
  Fully adjusted HR (95% CI)[d](#jah32281-note-0010){ref-type="fn"}   1.0                 0.84 (0.79--0.89)                                  0.40 (0.38--0.43)                                              \<0.001   32.8 (30.5--35.1)
  Heart failure                                                                                                                                                                                                       
  Heart failure events[c](#jah32281-note-0009){ref-type="fn"}         1269 (1235)         3987 (3899)                                        4462 (4278)                                                              
  Total person‐y                                                      71 960              258 889                                            550 295                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         17.6 (17.6--17.7)   15.4 (15.4--15.5)                                  8.11 (8.10--8.12)                                                        
  HR adjusted for age, sex, and race only (95% CI)                    1.0                 0.90 (0.85--0.96)                                  0.49 (0.46--0.52)                                              \<0.001   
  Fully adjusted HR (95% CI)[d](#jah32281-note-0010){ref-type="fn"}   1.0                 0.99 (0.92--1.05)                                  0.57 (0.54--0.61)                                              \<0.001   23.3 (21.0--25.6)

CVD indicates cardiovascular disease; HR, hazard ratio; IHD, ischemic heart disease; PAF, population attributable fraction; PDC, proportion days covered; TIA, transient ischemic attack.

*P* value for trends across the categories of proportion days covered; all tests 2‐tailed.

PAF adjusted for age, sex, race/ethnicity, urban‐rural residence, statins use, number of antihypertensive medications, status of low‐income subsidy, out‐of‐pocket medications payment/day, Charlson Comorbidity Index, and 10 chronic conditions at baseline.

CVD events included both fatal and nonfatal events, and numbers in parentheses indicate the nonfatal events.

Adjusted for age, sex, race/ethnicity, urban‐rural residence, statins use, number of antihypertensive medications, status of low‐income subsidy, out‐of‐pocket medications payment/day, Charlson Comorbidity Index, and 10 chronic conditions at baseline.

###### 

Propensity Score Weights Adjusted Hazards Ratios for Risk of CVD, IHD, Stroke/TIA and Heart Failure Events, and Population Attributable Fraction Associated With PDC, Medicare 2008--2014 Cohort[a](#jah32281-note-0012){ref-type="fn"}

  Characteristics                                                     PDC Category        *P* Trend[b](#jah32281-note-0013){ref-type="fn"}   Adjusted PAF (95% CI)[c](#jah32281-note-0014){ref-type="fn"}             
  ------------------------------------------------------------------- ------------------- -------------------------------------------------- -------------------------------------------------------------- --------- -------------------
  No. of Medicare beneficiaries and percent (%)                       13 899 (8.9%)       47 081 (30.3%)                                     94 617 (60.8%)                                                           
  CVD                                                                                                                                                                                                                 
  Events[d](#jah32281-note-0015){ref-type="fn"}                       5947 (5770)         20 391 (19 987)                                    20 860 (19 969)                                                          
  Total person‐y                                                      60 601              217 269                                            520 751                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         98.1 (98.1--98.2)   93.9 (93.8--93.9)                                  40.1 (40.0--40.1)                                                        
  HR adjusted for propensity score weights only (95% CI)              1.0                 1.05 (1.00--1.11)                                  0.45 (0.43--0.47)                                              \<0.001   
  Fully adjusted HR (95% CI)[e](#jah32281-note-0016){ref-type="fn"}   1.0                 1.06 (1.00--1.11)                                  0.45 (0.42--0.47)                                              \<0.001   32.3 (31.5--33.2)
  IHD                                                                                                                                                                                                                 
  IHD events[d](#jah32281-note-0015){ref-type="fn"}                   3279 (3235)         11 603 (11 501)                                    11 109 (10 870)                                                          
  Total person‐y                                                      65 682              235 000                                            534 499                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         49.9 (49.9--50.0)   49.4 (49.3--49.4)                                  20.8 (20.8--20.8)                                                        
  HR adjusted for propensity score weights only (95% CI)              1.0                 1.06 (0.99--1.13)                                  0.45 (0.42--0.48)                                              \<0.001   
  Fully adjusted HR (95% CI)[e](#jah32281-note-0016){ref-type="fn"}   1.0                 1.06 (0.99--1.14)                                  0.45 (0.42--0.48)                                              \<0.001   32.8 (31.7--33.9)
  Stroke/TIA                                                                                                                                                                                                          
  Stroke/TIA events[d](#jah32281-note-0015){ref-type="fn"}            979 (959)           2928 (2882)                                        2847 (2721)                                                              
  Total person‐y                                                      74 275              266 787                                            556 960                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         13.2 (13.2--13.2)   11.0 (11.0--11.1)                                  5.11 (5.11--5.12)                                                        
  HR adjusted for propensity score weights only (95% CI)              1.0                 0.90 (0.79--1.01)                                  0.44 (0.39--0.49)                                              \<0.001   
  Fully adjusted HR (95% CI)[e](#jah32281-note-0016){ref-type="fn"}   1.0                 0.90 (0.80--1.02)                                  0.44 (0.39--0.49)                                              \<0.001   30.4 (28.1--32.6)
  Heart failure                                                                                                                                                                                                       
  Heart failure events[d](#jah32281-note-0015){ref-type="fn"}         1269 (1235)         3987 (3899)                                        4462 (4278)                                                              
  Total person‐y                                                      71 960              258 889                                            550 295                                                                  
  Crude incidence, per 1000 person‐y (95% CI)                         17.6 (17.6--17.7)   15.4 (15.4--15.4)                                  8.11 (8.1--8.12)                                                         
  HR adjusted for propensity score weights only (95% CI)              1.0                 0.95 (0.85--1.07)                                  0.54 (0.48--0.61)                                              \<0.001   
  Fully adjusted HR (95% CI)[e](#jah32281-note-0016){ref-type="fn"}   1.0                 0.96 (0.85--1.08)                                  0.54 (0.48--0.61)                                              \<0.001   23.9 (22.1--25.8)

CVD indicates cardiovascular disease; HR, hazard ratio; IHD, ischemic heart disease; PAF, population attributable fraction; PDC, proportion days covered; TIA, transient ischemic attack.

For propensity score weights analysis, we used the SAS Proc Survey procedure with the weight statement.

*P* value for trends across the categories of proportion days covered; all tests 2‐tailed.

PAF, adjusted population attributable fraction, and adjusted for age, sex, race/ethnicity, urban‐rural residence, statins use, number of antihypertensive medications, status of low‐income subsidy, out‐of‐pocket medications payment/day, Charlson Comorbidity Index, and 10 chronic conditions at baseline.

CVD events included both fatal and nonfatal events, and numbers in parentheses indicate the nonfatal events.

In addition to adjusting for propensity score weights, adjusted for age, sex, race/ethnicity, urban‐rural residence, statins use, number of antihypertensive medications, status of low‐income subsidy, out‐of‐pocket medications payment/day, Charlson Comorbidity Index, and 10 chronic conditions at baseline to control for possible residual confounding.

Figure [2](#jah32281-fig-0002){ref-type="fig"} shows the cumulative incidence functions for CVD, IHD, stroke/TIA, and heart failure events by PDC categories (*P*\<0.001). The risk of CVD, IHD, and heart failure events remained largely unchanged until approximately a PDC of 80% based on Joinpoint analysis and decreased substantially at higher PDC levels (Figure [3](#jah32281-fig-0003){ref-type="fig"}A, [3](#jah32281-fig-0003){ref-type="fig"}B, and [3](#jah32281-fig-0003){ref-type="fig"}D). The risk declined more gradually for risk of stroke/TIA events (Figure [3](#jah32281-fig-0003){ref-type="fig"}C). The patterns of the reduced risk associated with PDC for CVD events were consistent across subgroups defined by age, sex, race/ethnicity, Charlson Comorbidity Index, diabetes mellitus, CKD, and low‐income subsidy status (Figure [4](#jah32281-fig-0004){ref-type="fig"}A through [4](#jah32281-fig-0004){ref-type="fig"}D). The patterns of association between PDC and CVD events remained largely unchanged among beneficiaries who took 1 versus 2 or more antihypertensives (Table [S1](#jah32281-sup-0001){ref-type="supplementary-material"}). For the sensitivity analysis using first‐year PDC, 14.2% (95% CI, 14.0--14.3), 19.8% (95% CI, 19.6--20.0), and 66.0% (95% CI, 65.8--66.2) beneficiaries had first‐year PDC \<40%, 40% to 79%, and ≥80%. The association between first‐year PDC and CVD outcomes was attenuated substantially and became insignificant for heart failure (Table [S2](#jah32281-sup-0001){ref-type="supplementary-material"}). For the average PDC used in sensitivity analyses, 10.3% (95% CI, 10.2--10.5), 50.7% (95% CI, 50.5--51.0), and 38.9% (95% CI, 38.7--39.2) beneficiaries had PDC \<40%, 40% to 79%, and ≥80%. For CVD events, the crude incidence rates declined gradually from 102.0 (95% CI, 102.0--102.1) to 75.0 (95% CI, 75.0--75.1) and 32.1 (95% CI, 32.1--32.1) per 1000 person‐years from low‐ to high‐adherence groups. Comparing beneficiaries with \<40% average PDC, the adjusted HR was 0.77 (95% CI, 0.75--0.79) for 40% to 79% and 0.34 (95% CI, 0.33--0.35) for ≥80% average PDC (Table [S3](#jah32281-sup-0001){ref-type="supplementary-material"} and Figure [S1](#jah32281-sup-0001){ref-type="supplementary-material"}). The patterns of association were similar for IHD, stroke, and heart failure events (Table [S3](#jah32281-sup-0001){ref-type="supplementary-material"} and Figure [S1](#jah32281-sup-0001){ref-type="supplementary-material"}B through [S1](#jah32281-sup-0001){ref-type="supplementary-material"}D).

![Cumulative incidence function for CVD (A), IHD (B), stroke/TIA (C), and heart failure (D) by PDC category, Medicare 2008--2014 cohort. CVD indicates cardiovascular disease; HF, heart failure; IHD, ischemic heart disease; PDC, proportion days covered; TIA, transient ischemic attack.](JAH3-6-e006056-g002){#jah32281-fig-0002}

![Adjusted hazard ratios (95% CI) for CVD events (A), IHD (B), stroke/TIA (C), and heart failure events (D) associated with PDC and its distribution, Medicare 2008--2014 cohort. CVD indicates cardiovascular disease; IHD, ischemic heart disease; PDC, proportion days covered; TIA, transient ischemic attack.](JAH3-6-e006056-g003){#jah32281-fig-0003}

![Adjusted hazard ratios (95% CI) for CVD (A), IHD (B), stroke/TIA (C), and heart failure events (D) associated with PDC by age group, sex, race, Charlson Comorbidity Index, diabetes mellitus, CKD, and status of low‐income subsidy, Medicare 2008--2014 cohort. CVD indicates cardiovascular disease; CKD, chronic kidney disease; HR, hazard ratio; IHD, ischemic heart disease; PDC, proportion days covered; TIA, transient ischemic attack.](JAH3-6-e006056-g004){#jah32281-fig-0004}

Discussion {#jah32281-sec-0016}
==========

In this population‐based cohort of older adults with newly diagnosed hypertension and initiated antihypertensive therapy, around 40% were low or intermediate adherent (PDC \<80%) as measured by ≥1 antihypertensive available PDC. Compared with low‐adherent (PDC \<40%) beneficiaries, high‐adherent (PDC ≥80%) beneficiaries had a 56% lower risk for CVD and IHD events, 61% lower risk for stroke/TIA, and 43% lower risk for heart failure events during an average of 5.8 years of follow‐up. There appeared to be a threshold effect of PDC at ≈80% with minimal gain in being only low or intermediate adherent, above which the risk of CVD events was substantially lower, except for stroke/TIA events, which demonstrated a more‐gradual risk reduction across PDC values. The patterns of association between PDC and CVD events were largely consistent across age, sex, race/ethnicity, and Charlson Comorbidity Index groups.

Many studies demonstrated improved outcomes associated with better adherence to antihypertensives,[5](#jah32281-bib-0005){ref-type="ref"}, [36](#jah32281-bib-0036){ref-type="ref"} and nonadherence has been associated with increased risk for CVD, hospitalizations, and healthcare costs.[5](#jah32281-bib-0005){ref-type="ref"}, [13](#jah32281-bib-0013){ref-type="ref"}, [14](#jah32281-bib-0014){ref-type="ref"}, [15](#jah32281-bib-0015){ref-type="ref"}, [16](#jah32281-bib-0016){ref-type="ref"}, [17](#jah32281-bib-0017){ref-type="ref"}, [37](#jah32281-bib-0037){ref-type="ref"}, [38](#jah32281-bib-0038){ref-type="ref"}, [39](#jah32281-bib-0039){ref-type="ref"}, [40](#jah32281-bib-0040){ref-type="ref"}, [41](#jah32281-bib-0041){ref-type="ref"} In our study, around 60% of beneficiaries had PDC ≥80%, which is consistent with previous studies.[9](#jah32281-bib-0009){ref-type="ref"}, [19](#jah32281-bib-0019){ref-type="ref"} However, in this analysis, we observed a greater risk reduction associated with antihypertensive adherence than in other studies.[13](#jah32281-bib-0013){ref-type="ref"}, [19](#jah32281-bib-0019){ref-type="ref"}, [42](#jah32281-bib-0042){ref-type="ref"} In addition, our dose‐response analysis of PDC and risk for CVD events suggested a threshold effect of PDC at around 80%. Some studies also reported insignificant risk reduction comparing the intermediate adherence (40--79%) to low adherence (\<40%),[13](#jah32281-bib-0013){ref-type="ref"}, [19](#jah32281-bib-0019){ref-type="ref"}, [38](#jah32281-bib-0038){ref-type="ref"} but others reported more‐gradual risk reduction associated with increased adherence.[39](#jah32281-bib-0039){ref-type="ref"}, [40](#jah32281-bib-0040){ref-type="ref"}, [41](#jah32281-bib-0041){ref-type="ref"} The reasons for the discrepancies in risk reduction are not clear. Differences in study design, duration of follow‐up, sample size, measurements of medication adherence, and the participants of the study (our cohort of older adults who initiated antihypertensives after age 65 years) might contribute to the observed discrepancies. For example, it is well known that different methods of calculating PDC resulted in different classification of patients\' medication adherence attributed to the complex patterns of multiple medication use and assumptions used.[29](#jah32281-bib-0029){ref-type="ref"}, [35](#jah32281-bib-0035){ref-type="ref"} Our study focused on ≥1 antihypertensive available PDC because this is the Pharmacy Quality Alliance preferred method of measuring medication adherence.[28](#jah32281-bib-0028){ref-type="ref"} In our sensitivity analysis, using the interval‐based average PDC method[29](#jah32281-bib-0029){ref-type="ref"} produced a significantly lower percent of beneficiaries with ≥80% adherence (39.0% versus 60.8%) and showed a more‐gradual risk reduction across PDC categories. This gradual risk reduction might be mainly attributed to the reclassification of beneficiaries with ≥80% adherence under ≥1 antihypertensive available PDC to 40% to 79% category under the average PDC. Of the 94 617 beneficiaries with ≥80% adherence under ≥1 antihypertensive available PDC, 35 988 (38%) had been reclassified to 40% to 79% category under the average PDC, which might result in the gradual risk reduction under average PDC method. The prevalence of discontinuation or switching to different classes of antihypertensives were common among newly initiated patients, especially during the first year.[5](#jah32281-bib-0005){ref-type="ref"}, [8](#jah32281-bib-0008){ref-type="ref"}, [9](#jah32281-bib-0009){ref-type="ref"}, [11](#jah32281-bib-0011){ref-type="ref"}, [20](#jah32281-bib-0020){ref-type="ref"} Many of those patients, especially the older patients, might likely be adherent, but discontinued the initial medications because of the side effects or switching to other medications for better blood pressure control, and the average PDC method might misclassify as nonadherent some adherent patients.[29](#jah32281-bib-0029){ref-type="ref"} The ≥1 antihypertensive available PDC method might capture better the underlying medication adherence among those beneficiaries.[29](#jah32281-bib-0029){ref-type="ref"} In addition, the association between the first‐year PDC and CVD outcomes was attenuated substantially. The attenuation in risk reduction was mainly attributed to the reclassification of 44% (n=20 735) of beneficiaries with intermediate adherence (40--79%) under ≥1 antihypertensive available PDC to ≥80% category using the first‐year PDC. Many studies suggested that the average medication adherence declined significantly over time with the greatest changes within first year of treatment.[5](#jah32281-bib-0005){ref-type="ref"}, [8](#jah32281-bib-0008){ref-type="ref"}, [9](#jah32281-bib-0009){ref-type="ref"}, [11](#jah32281-bib-0011){ref-type="ref"}, [20](#jah32281-bib-0020){ref-type="ref"} Our results suggested that the use of first‐year PDC might not reflect well the long‐term adherence behavior, and the longer‐term PDC might capture better the association between PDC and CVD outcomes among the older beneficiaries. Our study provided an estimate of the adjusted population attributable fraction associated with low or intermediate adherence to antihypertensive medications, suggesting that, assuming free of other unobserved confounding effect, a noticeable proportion of CVD events might be prevented or postponed if all beneficiaries sustained PDC ≥80%.

Hypertension is a leading risk factor for CVD, affects around one third US adults,[1](#jah32281-bib-0001){ref-type="ref"} and \>65% older adults (≥65 years) have hypertension.[22](#jah32281-bib-0022){ref-type="ref"} Although around 80% of adults aged 65 years or older were treated, around 55% have their blood pressure under control.[43](#jah32281-bib-0043){ref-type="ref"} Controlling high blood pressure requires sustained adherence to prescribed antihypertensives.[10](#jah32281-bib-0010){ref-type="ref"}, [19](#jah32281-bib-0019){ref-type="ref"} Antihypertensive adherence might be a particular concern for older adults who have multiple chronic conditions.[4](#jah32281-bib-0004){ref-type="ref"}, [5](#jah32281-bib-0005){ref-type="ref"}, [6](#jah32281-bib-0006){ref-type="ref"}, [8](#jah32281-bib-0008){ref-type="ref"}, [20](#jah32281-bib-0020){ref-type="ref"} Many studies have examined major barriers and predictors of nonadherence among hypertensive patients,[5](#jah32281-bib-0005){ref-type="ref"}, [7](#jah32281-bib-0007){ref-type="ref"}, [9](#jah32281-bib-0009){ref-type="ref"}, [11](#jah32281-bib-0011){ref-type="ref"}, [44](#jah32281-bib-0044){ref-type="ref"}, [45](#jah32281-bib-0045){ref-type="ref"} and some focused on older adults.[6](#jah32281-bib-0006){ref-type="ref"}, [46](#jah32281-bib-0046){ref-type="ref"} Potential barriers to adherence among older adults can be classified into 3 categories: (1) patient‐related factors, including sociodemographics, psychosocial factors, comorbidities, cognitive ability, and health beliefs; (2) medication‐related factors, including the number of medications taken, adverse side effects, and complex medication regimens; and (3) other factors, including the patient‐prescriber relationship, access to medication and cost, and social support.[6](#jah32281-bib-0006){ref-type="ref"}, [46](#jah32281-bib-0046){ref-type="ref"} Many randomized, control trials and observational studies have evaluated interventions among patients and healthcare professionals to improve adherence.[47](#jah32281-bib-0047){ref-type="ref"}, [48](#jah32281-bib-0048){ref-type="ref"}, [49](#jah32281-bib-0049){ref-type="ref"}, [50](#jah32281-bib-0050){ref-type="ref"} Interventions range from those that are patient focused and promote behavioral and educational change, clinician‐directed strategies, to multifaceted programs combining several adherence‐enhancing strategies. Some study suggested that pharmacist‐led hypertension management for systolic blood pressure significantly improved medication adherence and improved CVD outcome,[50](#jah32281-bib-0050){ref-type="ref"} and the interventions aimed at improving patients\' knowledge of their health conditions, reasons for medication use, and better understanding of the long‐term risk of hypertension are of potential clinical value in improving antihypertensive adherence.[47](#jah32281-bib-0047){ref-type="ref"} The Million Hearts initiative brings together communities, health systems, nonprofit organizations, federal agencies, and private‐sector partners from across the country with the ambitious goal of preventing 1 million heart attacks and strokes over the course of 5 years.[51](#jah32281-bib-0051){ref-type="ref"} Improvement of blood pressure control is a critical part of the Million Hearts initiative, and 1 recommended strategy is to implement standardized hypertension treatment approaches that enlist the entire healthcare team in regularly assessing patients\' blood pressure and medication adherence so that the medication regimen can be adjusted or barriers to adherence can be addressed.

The strengths of our study include a population‐based cohort study of older adults with detailed information on antihypertensives fills during follow‐up and adjustments for a large number of covariates at baseline. Our study has several limitations. We identified Medicare beneficiaries aged 66 to 79 years who were newly initiated on antihypertensives and had no previous CVD with 1‐year‐"clean" period, but we could not rule out the possibility that some beneficiaries might have a history of CVD or been on antihypertensives previously. Also, our cohort likely includes some beneficiaries who had undiagnosed hypertension before enrolling in Medicare, but initiated medication treatment after enrolling. The effect of antihypertensives on CVD risk for those beneficiaries might be different. Although we excluded any CVD events within 12 months from the date of initiating antihypertensives to reduce this possible bias, the findings from this cohort might not be generalizable to the general population. Second, some antihypertensives could be used for conditions other than hypertension; we were not able to determine why the drugs were prescribed. However, these medications are commonly used for treatment of hypertension. Third, there were no blood pressure measurements data available, we could not determine the status of the blood pressure control during follow‐up. Fourth, we determined CVD‐related deaths by using inpatient information, relying on the primary and secondary diagnosis codes that may have missed some CVD‐related deaths and misclassified those cases as competing risk. Last, the PDC method to estimate adherence using administrative claims data assumes refills are associated with actual use of medication, and has been noted as an acceptable proxy for adherence, yet the measure may overestimate adherence.

Conclusions {#jah32281-sec-0017}
===========

In this population‐based, cohort study of 155 597 Medicare beneficiaries aged 66 to 79 years who were newly diagnosed with hypertension and initiated on antihypertensive medications, around 60% were classified as being highly adherent to their medication (access to medication on ≥80% of days) according to the PDC methodology. Those classified as being highly adherent had a significantly lower risk of having a cardiovascular event during a median of 5.8 years of follow‐up compared with those classified as having low or moderate adherence. There appeared to be a threshold effect in reducing cardiovascular events for adherence at around 80%, above which the risk for an event reduced substantially. High levels of antihypertensive medication adherence significantly reduce CVD events in older adults. Adherence to these medications is not optimal and interventions to improve adherence should be a priority for clinicians, public health, and insurers.

Author Contributions {#jah32281-sec-0019}
====================

Yang and Chang had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Study concept and design: Yang. Analysis and interpretation of the data: Yang; Chang; Ritchey; Loustalot. Drafting of the manuscript: Yang. Critical revision of the manuscript for important intellectual content: Yang; Ritchey; Loustalot. Statistical expertise: Yang. Study supervision: Yang.

Disclosures {#jah32281-sec-0020}
===========

None.

Supporting information
======================

###### 

**Table S1.** Adjusted Hazards Ratios for Risk of CVD, IHD, Stroke/TIA and Heart Failure Events, and Population Attributable Fraction Associated With PDC by Beneficiaries Taking 1 vs 2 or More Antihypertensives, Medicare 2008--2014 Cohort

**Table S2.** Adjusted Hazards Ratios for Risk of CVD, IHD, Stroke/TIA and Heart Failure Events, and Population Attributable Fraction Associated With First Year PDC, Medicare 2008--2014 Cohort

**Table S3.** Adjusted Hazards Ratios for Risk of CVD, IHD, Stroke/TIA and Heart Failure Events, and Population Attributable Fraction Associated With Interval‐Based Average PDC, Medicare 2008--2014 Cohort

**Figure S1.** Adjusted hazard ratios (95% CI) for CVD events (A), IHD (B), stroke/TIA (C), and heart failure events (D) associated with interval‐based average PDC, Medicare 2008--2014 cohort. CVD indicates cardiovascular disease; IHD, ischemic heart disease; PDC, proportion days covered; TIA, transient ischemic attack.
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